Cloning, expression and proteolytic activity analysis of apoptosis-related abCaspase gene in Haliotis diversicolor by 黄伟滨
 
 
学校编码：10384                                           密级       









博 士 学 位 论 文 
   
 
杂色鲍细胞凋亡相关基因 abCaspase 的 
克隆、表达特性及其蛋白酶活性研究 
Cloning, expression and proteolytic activity analysis of 







专  业 名 称：环 境 科 学 
论文提交日期：2010 年 11 月 
论文答辩时间：2010 年 12 月 
 
 





















另外，该学位论文为(                            )课题(组)
的研究成果，获得(               )课题(组)经费或实验室的资助，
在(               )实验室完成。(请在以上括号内填写课题或课题
组负责人或实验室名称，未有此项声明内容的，可以不作特别声明。) 
 
声明人(签名)：             























(     )1.经厦门大学保密委员会审查核定的保密学位论文，于   
年  月  日解密，解密后适用上述授权。 






声明人(签名)：             

















缩略词中英文对照表   ................................................................................ a
中文摘要   .................................................................................................... I
英文摘要   ................................................................................................. IV
第一章 前言   .............................................................................................. 1
第一节 贝类免疫系统研究   .................................................................................. 1
1 物理屏障  ....................................................................................................... 1
2 贝类细胞免疫  ............................................................................................... 2
3 贝类体液免疫  ............................................................................................... 4
第二节 Caspase蛋白酶家族与细胞凋亡   ............................................................ 5
1 Caspase蛋白酶的结构   ................................................................................. 6
2 Caspase蛋白酶原的活化   ............................................................................. 9
3 Caspase蛋白酶家族调控细胞凋亡的途径   ............................................... 12
4 Caspase蛋白酶导致细胞凋亡的机制   ....................................................... 14
第三节 细胞凋亡在抗细菌侵染中的作用   ........................................................ 14
1 病原菌诱导宿主细胞凋亡  ........................................................................ 15
2 病原菌抑制宿主细胞凋亡  ........................................................................ 17
第四节 Caspase蛋白酶在海洋鱼、虾类中的研究进展   .................................. 18
第五节 本研究的技术路线、目的和意义   ........................................................ 21
第二章 杂色鲍abCaspase基因全长cDNA及基因组DNA的克隆与序
列分析   ....................................................................................................... 23
第一节 材料与方法   ............................................................................................ 23
1 材料  ............................................................................................................ 23
2 实验方法  .................................................................................................... 26
第二节 结果 ........................................................................................................  40 
1 杂色鲍abCaspase基因全长cDNA的克隆与序列分析  ............................ 40
















第三节 讨论   ........................................................................................................ 50
1  abCaspase基因的克隆 ............................................................................... 50
2 abCaspase的功能   ........................................................................................ 51
3 abCaspase的结构   ........................................................................................ 52
第三章 杂色鲍abCaspase基因在体内各组织器官的分布与细菌感染
诱导的表达特性   ...................................................................................... 58
第一节 材料与方法   ............................................................................................ 58
1 材料  ............................................................................................................ 58
2 实验方法  .................................................................................................... 60
第二节 结果   ........................................................................................................ 64
1 总RNA 的提取   ......................................................................................... 64
2 基因扩增效率分析  .................................................................................... 64
3 Real-time PCR 内参稳定性和实验平行性分析   ...................................... 71
4 Real-time PCR 基因扩增产物特异性分析   .............................................. 72
5 abCaspase基因在正常生长的杂色鲍各组织器官中的表达特性   ........... 72
6 abCaspase基因在细菌感染杂色鲍各组织器官中的诱导表达特性   ....... 73
第三节 讨论   ........................................................................................................ 73
1 荧光定量PCR体系的确立   ........................................................................ 73
2 abCaspase mRNA广泛分布于正常杂色鲍体内多组织器官中   .............. 79
3 细菌感染对abCaspase基因的诱导表达反应   ........................................... 79
第四章 细菌胁迫对杂色鲍体内caspase蛋白酶活性的影响   ............... 81
第一节 材料与方法   ............................................................................................ 81
1 材料  ............................................................................................................ 81
2 实验方法  .................................................................................................... 82
第二节 结果   ........................................................................................................ 84
1 蛋白浓度标准曲线  .................................................................................... 84
2 细菌胁迫对杂色鲍体内caspase-3/7 活性的影响   .................................... 84
















4 细菌胁迫对杂色鲍体内caspase-9 活性的影响   ....................................... 88
第三节 讨论   ........................................................................................................ 89
1 caspase蛋白酶活性的测定   ........................................................................ 89
2 杂色鲍体内的caspase蛋白酶活性与细菌感染的关系   ............................ 91
第五章 杂色鲍血淋巴细胞的凋亡分析   ................................................ 93
第一节 材料与方法   ............................................................................................ 93
1 材料  ............................................................................................................ 93
2 实验方法  .................................................................................................... 95
第二节 结果   ........................................................................................................ 98
1 正常状态下杂色鲍血淋巴细胞的凋亡情况  ............................................ 98
2 细菌感染条件下杂色鲍血淋巴细胞的凋亡情况  .................................... 99
3 杂色鲍血淋巴细胞基因组DNA片段化琼脂糖凝胶电泳检测   .............. 100
第三节 讨论   ...................................................................................................... 102
第六章 abCaspase的原核表达及其蛋白酶活性鉴定   ........................ 106
第一节 材料与方法   .......................................................................................... 106
1 材料  .......................................................................................................... 106
2 方法  .......................................................................................................... 110
第二节 结果   ...................................................................................................... 118
1 pET-28a(+)载体与abCaspase目的基因的制备   ...................................... 118
2 pET-28a(+)/abCaspase表达载体的构建   ................................................. 118
3 pET-28a(+)/abCaspase重组质粒在大肠杆菌中的表达   ......................... 119
4 以包涵体形式表达的abCaspase的变性、复性与纯化   .......................... 121
5 可溶性表达的abCaspase的纯化   .............................................................. 122
6 表达产物abCaspase的质谱鉴定   .............................................................. 124
7 表达产物abCaspase的蛋白酶活性鉴定   .................................................. 127
第三节 讨论   ...................................................................................................... 129
1 abCaspase的原核表达及纯化策略   .......................................................... 129
2 abCaspase的底物识别特性   ...................................................................... 129
















参考文献   ................................................................................................ 135
在学期间参加的科研项目及成果   ........................................................ 156


















Lists of abbreviation ................................................................................. a 
Abstract in Chinese ................................................................................... I 
Abstract in English ................................................................................ IV 
Chapter 1: Introduction ........................................................................... 1 
Section 1: Development and progress in mollusc immunology ........................ 1 
1 Barrier effects   ................................................................................................ 1
2 Cellular immunity ......................................................................................... 2 
3 Humoral immunity ........................................................................................ 4 
Section 2: Caspase Family Proteases and Apoptosis ......................................... 5 
1 The structure of Caspases ............................................................................. 6 
2 The activation of Caspases ............................................................................ 9 
3 Caspase-regulated apoptosis pathway......................................................... 12 
4 Caspase-triggered apoptosis mechanism .................................................... 14 
Section 3 Involvement of apoptosis during bacterial infection ....................... 14 
1 Bacterial induction of apoptosis   .................................................................. 15
2 Bacterial inhibition of apoptosis   ................................................................. 17
Section 4 Progress of caspase studies in marine fish and shrimp ................... 18 
Section 5 Protocol, purpose and significance of this studies ........................... 21 
Chapter 2: Cloning and analysis of Haliotis diversicolor abCaspase 
cDNA and gDNA sequence .................................................................... 23 
Section 1: Materials and methods ..................................................................... 23 
1 Materials   ..................................................................................................... 23
2 Methods  ....................................................................................................... 26
Section 2: Results ................................................................................................ 40 
1 Cloning of full-length cDNA of abCaspase   ............................................... 40
















Section 3: Discussion ........................................................................................... 50 
1 Cloning of abCaspase gene   ........................................................................ 50
2 abCaspase potential function ...................................................................... 51 
3 Domain structure of abCaspase amino acid sequences   ............................... 52
Chapter 3: Transcriptional expression of abCaspase in normal and 
bacterial challenged H. diversicolor In vivo   .......................................... 58
Section 1: Materials and methods   ..................................................................... 58
1 Materials   ..................................................................................................... 58
2 Methods....................................................................................................... 60 
Section 2: Results   ................................................................................................ 64
1 Total RNA isolation .................................................................................... 64 
2  Real-time PCR amplification efficiency ..................................................... 64
3 The repeatability of Real-time PCR amplification  ................................... 71 
4  Dissociation curve of real-time PCR products ............................................ 72
5 Tissue distribution analysis of the abCaspase mRNA in normal H. 
diversicolor .................................................................................................... 72 
6 Time course of abCaspase expression in bacterial challenged H. 
diversicolor .................................................................................................. 73 
Section 3:Discussion   ............................................................................................ 73
1 Setup of real-time PCR   ............................................................................... 73
2 Widely distribution of abCaspase in H. diversicolor   ................................. 79
3 Expression pattern of abCaspse in bacterial challenged H. diversicolor   ... 79
Chapter 4:Caspases activity in bacterial challenged H. diversicolor 
tissues   ....................................................................................................... 81
Section 1: Materials and methods   ..................................................................... 81
1 Materials   ..................................................................................................... 81
2 Methods....................................................................................................... 82 
















1  The standard curve of protein concentration .............................................. 84
2 Caspase-3/7 activity in bacterial challenged H. diversicolor tissues   .......... 84
3 Caspase-8 activity in bacterial challenged H. diversicolor tissues   ............. 86
4 Caspase-9 activity in bacterial challenged H. diversicolor tissues   ............. 88
Section 3:Discussion............................................................................................  89 
1 Caspases activity assay method ................................................................ .. 89 
2 Csapases activity in normal and bacterial challenged H. diversicolor   ....... 91
Chapter 5:Apoptosis assay of H. diversicolor hemocytes   .................... 93
Section 1: Materials and methods   ..................................................................... 93
1 Materials   ..................................................................................................... 93
2 Methods  ....................................................................................................... 95
Section 2 Results   .................................................................................................. 98
1 Apoptosis assay in normal H. diversicolor hemocytes   ............................... 98
2 Apoptosis assay in bacterial challenged H. diversicolor hemocytes   .......... 99
3 DNA laddering from H. diversicolor hemocytes......................................  100 
Section 3 Discussion   .......................................................................................... 102




Section 1: Materials and methods   ................................................................... 106
1 Materials   ................................................................................................... 106
2 Methods..................................................................................................... 110 
Section 2:Results   ............................................................................................... 118
1  Preparation of pET-28a(+) and abCaspase fragment ............................... 118
2 Identification and sequencing of pET-28a(+)/abCaspase   ........................ 118





















5 Purification of soluble abCaspase   ............................................................. 122
6 Mass spectrometry analysis of abCaspase   ................................................ 124
7 Proteolytic activity assay of abCaspase   .................................................... 127
Section 3:Discussion   .......................................................................................... 129
1 Expression and purification abCaspase   .................................................... 129
2 Proteolytic substrate specificity of abCaspase   .......................................... 129
Summary ................................................................................................ 131 
References .............................................................................................. 135 
Research projects involved and papers published............................. 156 















































apoptosis protease-activating factor-1 
Arginine 
Aspartic acid 
Basic local alignment search tool 
 
Base pair 
Bovine serum albumen 
Caspase Recruitment Domain 
Complementary DNA 
Cellular FLICE inhibitory protein 
 










Death Effector Domain 
Diethyl pyrocarbonate 











































































Ethylene diamine teraacetic acid 
















Messenger ribonucleic acid 
National center for biotechnology 
information 
Open reading frame 
Phosphate buffer saline 
Polymerase chain reaction 
1,4-Piperazinediethanesulfonic acid 
Rapid amplfication of cDNA ends 
 
Reverse transcription 

































































SDS-polyacrylanide gel electrophoresis 
 
Serine 
Switching mechanism at 5' end of RNA 
transcript 
Suppression Subtractive Hybridization 
Tris-acetic acid-EDTA buffer 
 
Terminal Deoxynucleotidyl Transferase 
Tris-EDTA buffer 
tetramethylethylenediamine 
Tumor necrosis factor 
Tumor necrosis factor receptor-1 
 
Tris(hydroxymethyl)metyl aminomethane 
terminal -deoxynucleotidyl transferase 
mediated nick end labeling 
 
Untranslated region 



















































1 克隆获得了杂色鲍 abCaspase 基因 cDNA 全序列：通过 5'-和 3'-RACE 技
术，从杂色鲍中获得了该基因的全长 cDNA 序列。该基因 cDNA 序列全长
2427bp(命名为 abCaspase，GenBank 登录号：FJ628161)，该序列包括 1008bp 的
开放阅读框(ORF)、41bp 的 5'非翻译区、1378bp 的 3'非翻译区三部分。3'非翻译
区包含多腺苷酸化信号(ACTAAA)，位于末端多聚腺苷酸序列 poly(A)上游 12-17




caspase-8 同源基因，属于凋亡起始 caspase 蛋白酶。 
2 揭示了杂色鲍 abCaspase 基因组 DNA 序列(GenBank 登录号：HQ529712)
及其基因结构：应用 PCR、反向 PCR 等方法对杂色鲍 abCaspase 基因组 DNA 及
侧翼序列进行了扩增，结果显示 abCaspase 基因含有 8 个外显子和 7 个内含子。
8 个外显子分别为 34、106、142、60、78、300、202 和 1474bp，其中外显子 1
















并且前结构域编码区穿越外显子 3 一直延伸至外显子 4；从外显子 4 的后半段，
跨越外显子 5 直至外显子 6 是 p20 大亚基编码区；部分外显子 6 和部分外显子 7
共同编码大小亚基之间的连接区；部分外显子 7 和部分外显子 8 共同编码 p10
小亚基；外显子 8 还包含较长的 3'端 UTR。 
3 揭示了 abCaspase mRNA 在正常生理及细菌胁迫条件下杂色鲍体内的表
达特性：(1) 利用 real-time PCR 检测 abCaspase mRNA 在正常杂色鲍各器官中的









caspase-3/7、caspses-8 和 caspase-9 活性。结果显示细菌感染 48h 后血淋巴细胞
中 caspase-8 活性显著升高；血淋巴细胞 caspase-9 活性在细菌感染 24h 后开始升
高，至 48h 时达到更高水平；而各器官中 caspase-3/7 活性未受细菌感染的诱导。
上述结果与对 abCaspase 的分析认为其是凋亡起始 caspase 的判断相印证。 
5 检测了杂色鲍在正常生理以及细菌感染条件下血淋巴细胞的凋亡情况：结
果显示正常生理状态下杂色鲍血淋巴细胞极少发生细胞凋亡；而混合细菌胁迫虽
然导致血淋巴细胞中 abCaspase mRNA 水平以及 caspase-8、-9 酶活性的升高，
但未明显诱导血淋巴细胞凋亡的发生。 
6 abCaspase 蛋白原核表达及表达产物蛋白酶活性的鉴定：根据 abCaspase 
cDNA 序列，构建了 pET-28a(+)/abCaspase 原核表达载体。该载体在大肠杆菌中
诱导表达，获得了表达蛋白 abCaspase。对表达的可溶性成分进行亲和层析，获
得了纯化表达蛋白，并利用底物化学发光法进行了表达蛋白酶的活性鉴定，发现
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